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E\ UHPRYLQJ WKH LQHTXDOLW\ RI WKH PD[LPXP ILOOHW VWUHVV 7KLV SDSHU SUHVHQWV DQ LGHD WR UHPRYH WKLV LQHTXDOLW\
WKURXJKFKDQJLQJWKHWRRWKWKLFNQHVVRIWKHEDVLFUDFNIURPVWDQGDUGLQWRQRQVWDQGDUGGHVLJQ 7KHXQLIRUPILOOHW
VWUHQJWKRIWKHJHDU GULYHFDQEHDFKLHYHGE\FKDQJLQJWKHWRRWKWKLFNQHVVRIEDVLFUDFNVRQWKHSLWFKOLQHVIURPWKH
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WKHEDVLF UDFNIRUJHDU7KHYDOXHNJF PHDQVWKDWWKHFXWWHULVFDOOHGDVVWDQGDUGUDFNFXWWHUDQGLINJFLWLV
FDOOHGDVQRQ VWDQGDUGUDFNFXWWHU7KHVWDQGDUGDQGQRQVWDQGDUGUDFNFXWWHUVDUHVKRZQLQ)LJVDDQGE7KH
WRRWKWKLFNQHVVFRHIILFLHQWRI WKHUDFNIRUSLQLRQLVGHQRWHGDVNSF NSF NJF
 0XOWLSDLUFRQWDFWILQLWHHOHPHQWPRGHO
7KHLQYROXWHJHDUWRRWKSURILOHLVGHYHORSHGE\XVLQJVWDQGDUGDQGQRQVWDQGDUGUDFNFXWWHUVIURPWKHJLYHQEDVLF
JHDUSDUDPHWHUV VXFKDV WKHSUHVVXUHDQJOHPRGXOH WHHWKQXPEHUDQGDGGHQGXPFRUUHFWLRQ ,Q WKHSUHVHQWZRUN
FRPPHUFLDOVRIWZDUH$16<6LVXVHGIRU PRGHOLQJDQGDQDO\VLVSXUSRVH 7KH'ILQLWHHOHPHQWPRGHORIVSXU
JHDUGLVSOD\HGLQ)LJD LVDWKUHHWHHWKIXOOULPFRQWDFWPRGHOZKLFKLVXVHGWRFDUU\RXWWKHDQDO\VLV $KLJKHU
RUGHU' 3/$1( QRGGHGTXDGULODWHUDO HOHPHQWKDYLQJ WZRGHJUHHVRI IUHHGRPSHU QRGHKDVEHHQXVHG WR
PHVKWKHJHDUPRGHO ,QWKHPXOWLSDLUFRQWDFWPRGHOWKH SLQLRQLVFRQVWUDLQHGRQO\LQWKHUDGLDOGLUHFWLRQDORQJWKH
ULPRIWKHLQQHUUDGLXVDQGWKHWRUTXH71PPLVXQLIRUPO\GLVWULEXWHGLQWKHWDQJHQWLDOGLUHFWLRQDORQJWKHULPRI
LQQHU UDGLXV*HDU LV FRQVWUDLQHG ERWK LQ [ DQG \ GLUHFWLRQV DW WKH ULP RI WKH LQQHU UDGLXV7KH7$5*( DQG
&217$&HOHPHQWVDUHXVHGLQWKHFRQWDFWDQDO\VLV 7KH)LJE VKRZVWKHPDJQLILHGYLHZ RIWKHILOOHWUHJLRQ
ZKLFKLVWKHUHJLRQWKHPD[LPXPILOOHWVWUHVVGHYHORSHG










WKH JLYHQ JHDU SDUDPHWHUV 7DEOH  7KH UHVXOWV DUH VKRZQ LQ )LJ ,Q WKH KLJKHU JHDU UDWLR GULYHV L ! WKH
PD[LPXPILOOHWVWUHVVLQWKHJHDU ıWJPD[ 03D LVOHVVHUWKDQWKDWRISLQLRQ ıWSPD[ 03D ZKLFKWKH
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JHDUSDLULVJHQHUDWHGE\WKHVWDQGDUGUDFNFXWWHU 6RWKHSLQLRQVPDOOHURQHLVDYXOQHUDEOHRQHZKLFKLVGXHWR
ODUJHGHIRUPDWLRQRISLQLRQWRRWKWKDQJHDUWRRWKELJJHURQH:KHQWKHNJF YDOXHLQFUHDVHVWKHWRRWKWKLFNQHVVRI
WKH JHDU DW WKH SLWFK OLQH GHFUHDVHV DQG WKH WRRWK WKLFNQHVV LQFUHDVH WKH VDPH DPRXQW LQ WKH SLQLRQ+HQFH 7KH
YDOXHV RI ıWPD[ GHFUHDVH DW WKH SLQLRQ DQG DW WKH VDPH WLPH LW LQFUHDVH DW WKH JHDU IRU WKH KLJKHU YDOXHV RI NJF
NJF QRQVWDQGDUG FXWWHUV 7KH PD[LPXP ILOOHW VWUHVV EHFRPHV HTXDO LQ WKH SLQLRQ DQG WKH JHDU ıWSPD[  
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7KHERWK WRRWK VWUHQJWK DVZHOO DV WKH ULP VWUHQJWKGHILQHV WKH EHQGLQJ FDSDFLW\RI JHDU WRRWK ,Q WKH WKLQ ULP
JHDUVWKHEHQGLQJIDWLJXHIDLOXUHRFFXUVDORQJWKHULPUDWKHUWKDQWKHURRWILOOHW +HQFHDQHVWLPDWLRQRIRSWLPXP
ULP WKLFNQHVV EHFRPHV LPSRUWDQW LQ WKH FRPSDFW VL]H DQG ORZZHLJKW GHVLJQ FRQVLGHUDWLRQ DSSOLFDWLRQV7KH ULP
WKLFNQHVVFDQDOWHUE\YDU\LQJWKHRQHJHDUSDUDPHWHUFDOOHGDVEDFNXSUDWLR,WLVGHILQHGDVWKHUDWLRRIULPWKLFNQHVV





7KHRSWLPXPYDOXHRINJ DQGıWPD[ GHWHUPLQHGIRUGLIIHUHQWEDFNXSUDWLRVP%E\NHHSLQJPĮ] L KD[S DQG
[J XQFKDQJHGDUHVKRZQLQ )LJ ,W LVIRXQGWKDW WKHUHLVQRFKDQJHLQWKHWURFKRLGDODQGLQYROXWHSURILOHVRIWKH
JHDUWRRWKGXHWRFKDQJHWKHP% YDOXHV $FFRUGLQJO\WKHRSWLPXPNJF YDOXHGRHVQRWFKDQJHZLWKUHVSHFWWRP% %XW
WKHEDODQFHGPD[LPXPILOOHWVWUHVVLVORZHULQWKHWKLFNULPJHDUGULYHP% ıWPD[ 03DNJF 
WKDQ WKDW RI WKLQ ULP JHDU GULYH P%  ıWPD[  03D NJF  ZKLFK LV GXH WR WKH PLQLPXP






KDYLQJ WKH WLS UDGLXV ȡRIPDQGP$V WKHFXWWHU WLS UDGLXV LQFUHDVHV WKH UDGLXVRIFXUYDWXUHRI WKH ILOOHW
SURILOHLQFUHDVHVEXWWKHUHLVQRFKDQJHLQWKHLQYROXWHSURILOHREVHUYHG7KHUHTXLUHGNJF YDOXHWREDODQFHWKHıWPD[
LQJHDUGULYHLQFUHDVHWRDVWKHFXWWHUWLSUDGLLLQFUHDVHDQGWKHUHVSHFWLYHEDODQFHGıWPD[ KLJKHULQ
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FRUUHFWLRQ [S WR WKHSLQLRQ DQGQHJDWLYHFRUUHFWLRQ [J WR WKHJHDU LQ WKH UHVSHFWLYHJHDUGULYHV66 DQG6R IRU
L  DV VKRZQ LQ )LJ  $V WKH YDOXHV RI [S LQFUHDVH LQ WKH 6 GULYH WKH RSWLPXP YDOXHV RI NJF GHFUHDVH
DFFRUGLQJO\WKHEDODQFHGıWPD[ YDOXHVDOVRGHFUHDVHGXHWRLQFUHDVHWKHFRUUHFWLRQYDOXHWRWKHSLQLRQDORQH,QWKH
6 GULYH'XHWRFKDQJHLQWKHYDOXHRI[JWKHRSWLPXPYDOXHVRINJF DOVRGHFUHDVHDQGDVOLJKWYDULDWLRQRIEDODQFHG
ıWPD[ LVREVHUYHGIURPWKH)LJ%XWLQWKH6R GULYHWKHSRVLWLYHFRUUHFWLRQ[S OHDGVWRLQFUHDVHWKHSLQLRQ
WRRWK WKLFNQHVV DQG WKH HTXDO QHJDWLYH FRUUHFWLRQ [J  GHFUHDVH WKH JHDU WRRWK WKLFNQHVV DQG GXH WR WKLV
FRPELQHGHIIHFWWKHNJF YDOXHUHTXLUHGWREDODQFHWKHıWPD[ DWWKHSLQLRQDQGJHDUSDLUGHFUHDVHNJF EH\RQG
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 ,QWKHKLJKHUJHDUUDWLRDQGSURILOHVKLIWHGJHDUGULYHV WKHıWPD[ RQWKHSLQLRQDQGWKHJHDULVQRWHTXDO
7KLVGLIIHUHQFHRI ıWPD[ LVFDOOHG LQHTXDOLW\RIPD[LPXP ILOOHW VWUHVVRI WKHJHDUSDLU7KLV LQHTXDOLW\ LV
UHPRYHG E\ FKDQJLQJ WRRWK WKLFNQHVV FRHIILFLHQW RI WKH UDFN FXWWHU IURP VWDQGDUG RQH NJF  WR QRQ
VWDQGDUGNJF
 'XH WRFKDQJH WKHNJF YDOXHV IURP WRKLJKHUYDOXHV WKHıWPD[ GHFUHDVHV FRQWLQXRXVO\ LQ WKHSLQLRQ
DQGLQFUHDVHVLQWKHJHDU7KLVLQHTXDOLW\ RIıWPD[ LVEDODQFHGDWNJF IRUL 
 $VWKHP% YDOXHVLQFUHDVHWKHRSWLPXP NJF YDOXHGRHVQRWFKDQJHDQGWKHEDODQFHG ıWPD[ GHFUHDVHEHFDXVH
RIPLQLPXPGHIRUPDWLRQRIJHDUERG\LVREVHUYHGIRUWKHKLJKHUYDOXHVRI P%
 :KHQWKHUHLVDQ LQFUHDVHLQ ȡ WKHRSWLPXPNJF LQFUHDVHDQGWKHFRUUHVSRQGLQJEDODQFHG ıWPD[ GHFUHDVH
GXHWR ORZHUWKHVWUHVVFRQFHQWUDWLRQLQWKHILOOHWUHJLRQ
 7KHSRVLWLYHFRUUHFWLRQ JLYHQ WRWKHSLQLRQDQGWKHQHJDWLYHFRUUHFWLRQ JLYHQ WRWKHJHDU GHFUHDVHWKHERWK
NJF YDOXHV DQGWKHUHVSHFWLYH ıWPD[
5HIHUHQFHV
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